From 12 to 28 September 2016, the CINDI-2 NO2 intercomparison campaign took place at the Cabauw research site in the Netherlands. Aimed principally at MAX-DOAS instruments, other techniques participated as well. The RIVM mobile lidar measured atmospheric NO2 profiles on six campaign days. Results show the development of NO2 concentrations during the day, as well as layered structures in the profiles. These were compared with profiles from other instruments.
INTRODUCTION
Measurements of atmospheric trace gases from satellites offer global coverage but need validation from ground-based data. The CINDI-2 campaign was set up to intercompare a suite of MAX-DOAS instruments. These instruments are to provide data for the validation of the upcoming Sentinel 5 and TROPOMI satellite missions, as profile information is highly relevant in satellite retrieval algorithms. In addition to slant column density measurements of NO2, HCHO, O3, and O4, profile measurements and intercomparisons were included in the campaign objectives as well. CINDI-2, short for Cabauw Intercomparison of Nitrogen Dioxide Measuring Instruments 2, was the successor to the successful CINDI campaign held in 2009 [1] . An overview paper of this campaign is presented at this Conference by Arnoud Apituley.
METHODOLOGY

The CINDI-2 campaign
The campaign took place at the Cabauw Experimental Site for Atmospheric Research (CESAR), 51.971°N, 4.927°E, 0.7 m below mean sea level (Figure 1 ). A 213 m high meteo mast and a suite of meteorological, atmospheric and air quality instruments are always operational on the site. There are no sources of air pollution in the immediate vicinity. Depending on the wind direction, air at the site comes from the sea, or from densely populated and heavily industrialised areas, leading to a variety of conditions. 
The NO2 Lidar
For this measurement campaign, the RIVM mobile Lidar system was used. This system is extensively described in [2] , [3] and [4] . It measures either NO2, SO2 [3] , NH3 [4] and benzene [5] . It uses the DIAL technique to measure concentration profiles of NO2 in the atmosphere. Figure 2 is used to determine the effective molecular cross section of the gas being measured. The instrument is housed in a fully self-supporting measurement vehicle.
Lidar measurements of NO2 profiles
When measuring NO2, the measurement range of the lidar runs from 300 m to about 2.5 km. At ambient concentration levels, typically only one or two concentration values are derived over this interval. To arrive at a higher vertical resolution, measurements at eight different elevation angles are combined (see Figure 3 ).
Profiles were obtained consisting of about six or seven values inside the planetary boundary layer, and, depending on atmospheric conditions, one above this layer. The vertical resolution of a profile varies (see the vertical bars illustrating this in Figure 3 ). It ranges from 7.5 m in the lowest part of the profile to 800 m above the boundary layer. Measuring a single sequence of elevation angles took about 84 s. Usually, 20 sequences were averaged to arrive at a single profile in about 28 min.
Lidar measurements were planned to yield as much information as possible. This meant that measurements were taken:
-on clear days, to facilitate intercomparison with satellite data; -starting early in the morning (preferably around 6:30 local time), to capture the build-up of the atmospheric boundary layer; -at times that coincided with balloon sonde launches (see below).
Balloon sondes
On some of the campaign days, one or more balloon sondes with fast NO2 sensors [6] were launched. These reached altitudes of typically 10 km.
RESULTS
Example profile.
An example profile, measured with the Lidar on 15 September 2016, is shown in Figure 4 . The horizontal error bars indicate the uncertainty in the measurement. The vertical bars indicate the altitude intervals over which the data points were collected. Note that the altitude axis is logarithmic, to better resolve the higher vertical resolution at lower altitudes. Concentrations of NO2 are highest at low altitudes and decrease with increasing altitude. Above the planetary boundary layer (~1000 m) concentrations approach zero. This is as expected, as most sources are at or near the ground. The high concentration layer at 500 m altitude is therefore unexpected. It is, however, consistently found in other time intervals as well during several hours. An independent alternative instrument, a balloon sonde launched that day, also measures this layer.
All profiles on one day
The development of the concentration during 15 September 2016 is shown in Figure 5 . The development of the layer around 500 m is clearly visible. Figure 6 shows the same day, but zoomed in on the lower altitudes during the morning. The development of the boundary layer is clearly visible, as is the influence of the weekday morning rush hour peak on the NO2 concentrations. Note that sunrise on this day was at 5:17 UTC. 
Comparison with balloon sonde
In Figure 5 , the traces marked s1, s2 and s3, show the lower part of the data of the three balloon sonde launches of this day. The colours of the traces indicate the concentrations measured by the sondes at the respective times and altitudes. Note that the sondes covered a considerable distance. When they measured the second part of the traces, they were located about 30 km from Cabauw. All profiles of the campaign are shown in Figure  8 . The profile of 21 September 2016 shows a similar patterns as 15 September, but with higher concentrations in the morning. On 27 September the pattern is similar as well, but the development of the rush hour peak is delayed somewhat. On 25 September, concentrations remain much lower all day long. The gaps in the day profiles on 14 and 21 September are due to instrumental problems, the days without measurements are due to unfavourable weather conditions.
CONCLUSIONS
The lidar system is well suited to mapping the atmospheric profile of NO2. The development of the atmospheric boundary layer and the dynamics of the NO2 concentration are clearly shown. At the time of writing, comparisons with only one other instrument were made, more intercomparisons will follow.
